Abstract
INTRODUCTION
Pancreatic cancer is one of the most formidable malignant tumors worldwide. It is difficult to diagnose at early stage, unresectable at the time of diagnosis with extremely poor survival rate due to its inaccessible location, proximity to other vital organs, and inherently aggressive pattern of growth [1, 2] . The death to incidence ratio of pancreatic cancer is approximately 0.98-0.99:1 [3, 10] . With more than 27 000 people died from pancreatic cancer each year, it is the fourth leading cause of cancer death in the United States [4] . Some sporadic reports have shown that the mortality rates of pancreatic cancer in China have increased constantly over the last decades [5] [6] [7] . But there is little descriptive documentation countrywide on its epidemiology. By analyzing the death data from China's Disease Surveillance Point System (DSPS), we presented the first report on the mortality from pancreatic cancer and its distribution among the surveillance population during the period of 1991-2000 in China.
MATERIALS AND METHODS

Materials
All mortality data were collected from the population who resided in 145 DSPs (Disease Surveillance Points) of China. The DSPS was originated in the beginning of 1980s for the surveillance of morbidity and mortality, and the present system was established in 1989. DSPs were selected from an official list of all neighborhoods in urban areas and villages in rural areas using stratified multistage sampling. The strata was involved in geographic areas (urban or rural status: within the rural areas, stratification into 4 levels based on indicators of mortality and socioeconomic status). In 1989, 145 surveillance points with a total population of around 10 million under surveillance (Table 1) were chosen, and scattered in 31 provinces, autonomous regions, or municipalities in China. Comparisons among the DSP population and the whole population over the country showed no significant differences in terms of socioeconomic conditions, population constitution, and health status. Such comparisons were made annually [8] . The obtained information related to death in China was based on the causes of death reported by qualified physicians on medical death certificates. The underlying causes of death were ascertained following the procedures specified by the World Health Organization in the (Manual of the International Statistical Classification of Diseases, Injuries, and Causes of Death), ninth revision (ICD-9). If the death causes of the deceased were either uncertain, or out of accord with the classification standards or could not be coded with ICD-9, the registry staff would clarify and/or justify the causes of death through interviewing the relatives of the patient or consulting his or her physicians.
Evaluation on data quality
Since the beginning of the disease surveillance, the National Center of DSPs had developed a series of quality control and evaluation system to examine data quality from DSPs every year, to assure that the surveillance data over the period of 1991-2000 were reliable and valuable for estimating the mortality of surveillance population. The quality of the data was evaluated as follows: (1) The demographic data and distribution of population by age and gender were credible and suitable for a denominator for calculating the rates since the United Nations Integrated Index of Population [9] fluctuates between 15 and 20. (2) 
Analysis methods
Based on the surveillance data from the DSPs during the period of 1991-2000, the distribution of death rate of pancreatic cancer was described by age group, gender, calendar year, rural/urban residence and administrative district. The reported death rate was expressed as the reported number of deaths of pancreatic cancer per 100 000 populations per year. The adjusted death rate was calculated with the formula, reported death rate/(1-under-reporting rate) and the age-standardized rate was calculated with the indirect method in terms of World Standard Population (http://www3.who.int/whosis/discussion_papers/ htm/paper31.htm). All analyses were conducted using software EPI 2000.
RESULTS
During 1991-2000, 504 604 death cases were reported in DSPs population. The reported death rate fluctuated between 507.67 and 546.60 per 100 000 populations in 1991-2000. The adjusted death rate remained relatively stable in 1991-1997 and increased gradually after 1997. But the age-standardized death rate decreased slightly during the 10 years. of all deaths due to tumor in 1991 and 2.26 % in 2000, with the 6-8th rank for men and the 9-10th for women. The details and the time trend are shown in Table 2 . The death rate of pancreatic cancer was closely related to age. The majority (69.62 %) of the deaths of pancreatic cancer were seen in the age group of 60 years and more, while fewer cases (3.95 %) were found among people aged less than 40 years. Table 3 also shows the changing trend of annual mortality in all age groups during the 10 years. The annual mortality rates in the 10 years fluctuated around 2 per 100 000 populations in the age group of 45 to 54 years, but the rates were higher than 10 per 100 000 populations in the group aged 65 to 84 years, approximately 5-fold difference between these groups. Around 2-fold increase was found in the mortality in the last few years compared with that at the beginning of 1990's in people aged over 65 years. Of all the reported death cases of pancreatic cancer between 1991 and 2000, 975 were diagnosed in men and 644 in women. The mortality rates of pancreatic cancer by gender are presented in Table 4 . The data showed that all the reported, adjusted and age-standardized rates in males increased during the 10 years, from 1.86, 2.23, and 2.94 per 100 000 populations in 1991 to 2.70, 3.48, and 3.87 per 100 000 populations in 2000, with an increase on average of 4.23 %, 5.07 % and 3.10 % per year respectively. All these rates in female increased from 1.05, 1.25, and 1.49 to 2.04, 2.63 and 2.68 per 100 000 populations, with an annual average increase of 7.66 %, 8.61 % and 6.74 %. The male to female standardized death rate ratios decreased from 1.97 in 1991 to 1.44 in 2000.
The distribution of pancreatic cancer differed among the administrative districts (Table 5 ). The reported death rates in Northeast and East China were higher than those in the other 5 districts. After adjusted by the under-reporting rates for different districts, the rates of Northeast and East China were still higher than the latter (Figure 1 ). Figure 1 The adjusted mortality rate of pancreatic cancer by different districts, China, 1991-2000.
The distribution of pancreatic cancer was variable among rural and urban areas as well. The reported mortality rates in the urban areas were much higher than those in the rural areas. After adjusted by the differential under-reporting rates, the adjusted rates in the urban areas were still higher than those in the rural areas. And the death rates of pancreatic cancer displayed an increasing trend for both rural and urban areas during the period of 1991-2000 (Table 6 ). In 1991 the reported death rate of pancreatic cancer was 3.37 per 100 000 populations in the urban areas and 0.91 in the rural areas, and the adjusted death rates were 3.97 and 1.09, respectively. In 2000, the correspondent rates were 5.53 and 1.54, 7.32 and Figure 2 The trend of reported mortality of pancreatic cancer and some major cancers in DSP, China, 1991-2000. Figure 2 shows the dynamic trend of mortality rate of pancreatic cancer and other common tumors. The increasing trend of pancreatic cancer paralleled the slight variation seen in rectal and colonic cancer, while the death rates of hepatic, stomach and lung cancers changed more remarkablely.
DISCUSSION
Our data analysis was performed based on the data of demography and death, collected through DSPs over the period from 1991 to 2000. The DSPS data were of good representative ness due to their selection by probability sampling and their rigorous management [8] and therefore the results derived from surveillance population can be inferred to health status of national population. The assessment of indicators used for data quality evaluation, including the United Nations Integrated Index on Population, the proportion of cases with uncertain death cause, the diagnosis evidence of pancreatic cancer and the under-reporting rate, demonstrates that these data are reliable and the mortality rate of pancreatic cancer derived from the DSPs data might be used to estimate the death level over the whole community. However, the mortality rates reported in this study might be lower in view of the impact of technology development in the diagnosis of pancreatic cancer and its nonspecific clinical symptoms.
Pancreatic cancer may be one of the diseases that are correlated with industrialization. Reports from the studies on the mortality of pancreatic cancer worldwide in 1990 suggested that majority deaths (66 %) occurred in developed countries [10] . WHO reported [11] the age-standardized mortality rates of pancreatic cancer in Western developed countries such as the United States, the United Kingdom, Australia, and Japan, ranged from 6 to 8 per 100 000 in males, and 4 to 6 in females, which were about 2-4 times higher than that in China (about 2 to 3 per 100 000 in males and 1 to 3 in females) in the same period. But in these countries, the mortality rate of pancreatic cancer, both in males and females, have leveled off and even dropped by the end of last century. And in some Asian countries, such as South Korea and Singapore, the age-standardized rates of pancreatic cancer are also higher than those in China, even though not reaching the peak yet [11] . In addition, we have seen a rapid increasing of death rates of pancreatic cancer in China, particularly among those aged over 65 years in the recent decade. The reported, adjusted and age-standardized death rates of pancreatic cancer have increased by 62.33 %, 74.86 % and 49.54 % respectively. This is, to some extent, explained by the improved diagnosis and cancer death registration since pancreatic cancer is difficult to be diagnosed and classified [31] , but it is also probably attributed to the increased risk factors associated with industrialization, such as diet-and smokingrelated factors as well as life-style changes [21, 22] . At present, little is known about the etiology of pancreatic cancer. Cigarette smoking is the only firmly established factor [17, [25] [26] [27] [28] , with a 1. 2-to 3.1-fold increase in risk. Smoking, however, cannot by itself totally explain the increasing trends. There is less certainty concerning the risks associated with a range of dietary factors. Some studies have reported an increased risk with higher consumption of meat, protein and cholesterol and lower consumption of fruits and vegetables [27] [28] [29] [30] . The role of life-style and dietary factors [27] [28] [29] [30] in the etiology of pancreatic cancer is also supported by the higher mortality rates observed in the urban areas. Of course, the higher rates in the urban areas could be partly attributed to the improved diagnosis. Also our data showed that the death rates of pancreatic cancer were not identical in different administrative districts. The mortality rate was considerably higher in Northeast and East China than that in the other 5 districts, and the reasons led to this difference need to be discussed further, but a partial reason might be associated with higher level of industrialization and urbanization in these areas.
The mortality rate of pancreatic cancer was strongly related to age in our study. Our study indicated that the majority of death cases of pancreatic cancer occurred in the age group of 60 years or older, and the patients aged less than 45 years only accounted for 3.95 %, almost the same as the results in other studies [12] [13] [14] [15] [16] [17] . Similar to the other studies [11, 14, [18] [19] [20] , our data have also found the gender difference between male and female. And the mortality from pancreatic cancer in males was higher than that in females, but the male to female mortality rate ratio showed a decreased trend in the period of 1991-2000.
Our study indicated that the increasing trend of mortality rate of pancreatic cancer paralleled that of rectal cancer. And other studies have also shown that there are remarkable similarities between the increased incidence of pancreas cancer and breast cancer in women and prostate cancer in men, and bowel cancer in both sexes over approximately the same period [23, 24] . Dietary-and smoking-factors as the common risk factors may be relevant to the similarly increased trends of breast [33] , prostate [32] , bowel [34] and pancreatic cancers. It is suggested that with the entry into an aging society and urbanization in China, the peak mortality of pancreatic cancer arrive soon in the next few decades. Therefore, it is crucial to carry out further studies on the etiology of pancreatic cancer and set up screening indicators earlier to reduce the number of deaths from pancreatic cancer. 
